Background. This study compared the prevalence of co-morbidity in patients starting renal replacement therapy (RRT) between European countries and further examined how co-morbidity affects access to transplantation. Methods. In this ERA-EDTA registry special study, 17907 patients from Austria, Catalonia (Spain), Lombardy (Italy), Norway, and the UK (England/ Wales) were included (1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001). Co-morbidity was recorded at the start of RRT. Results. The prevalence of co-morbidity was: diabetes mellitus (DM) (primary renal disease and co-morbidity) 28%, ischaemic heart disease (IHD) 23%, peripheral vascular disease (PVD) 24%, cerebrovascular disease (CVD) 14% and malignancy 11%. With exception of malignancy, the prevalence of co-morbidity was highest in Austria, but differences were small among other countries. With exception of DM, males suffered more often from co-morbidity than females. In general, the percentage of haemodialysis was higher in patients with co-morbidity, but treatment modality differed substantially between countries. Using a Cox regression with adjustment for demographics, country, year of start and other co-morbidities, the presence of each of the co-morbid conditions made it less likely [RR; 95%CI] 86 [3.36-4.45] for Norway (Austria ¼ reference). These international differences existed for patients with and without co-morbidity. Conclusions. The prevalence of co-morbidity was highest in Austria but differences were small among other countries. The access to a renal graft was most affected by the presence of malignancy and least affected by the presence of DM. International differences in access to transplantation were only partly due to co-morbid variability.
Introduction
Co-morbidity affects the prognosis of patients with end-stage renal disease (ESRD). Several studies have shown the negative effect of co-morbid conditions on survival and quality of life [1] [2] [3] [4] [5] [6] . In addition, a number of American studies have shown that the presence of co-morbidity reduced access to renal transplantation [7, 8] .
Knowledge on co-morbid variability is thus considered to be important. Many studies have reported the prevalence of coexisting diseases in dialysis patients in the United States (US) [3] [4] [5] 7, 8] , and recently, the I-DOPPS study has reported co-morbidity of haemodialysis patients in a number of European countries [4, 9] , and compared this with that of Japanese and US patients [4] . Within Europe, some studies and renal registries have reported co-morbidity data in their own region or country [10] [11] [12] . However, little is known about differences in co-morbid conditions among European countries. We therefore started a study with national and regional renal registries in Europe that include co-morbidity in their data collection.
This paper focuses on the comparison of co-morbidity in patients starting renal replacement therapy (RRT), including haemodialysis (HD), peritoneal dialysis (PD), and transplantation, in different parts of Europe. In addition, it describes how these co-morbid conditions affect access to renal transplantation within those countries.
Methods

Population
The ERA-EDTA Registry routine data collection does not include data on co-morbidity. Therefore, we asked the 15 national and/or regional registries sending individual patient data including survival data to the ERA-EDTA Registry at the time of the study, whether they also collected data on co-morbid conditions at the start of RRT. Four of them collected co-morbidity data for a sufficiently long period to study the effect of co-morbidity on access to renal transplantation, including the Austrian Dialysis and Transplant Registry (OEDTR) (1998) (1999) (2000) (2001) , Catalan Renal Registry (Registre de Malalts Renals de Catalunya (RMRC) Catalonia, Spain) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , Norwegian Renal Registry (1999) (2000) (2001) , and the UK Renal Registry (UK, England/ Wales) (1999) (2000) (2001) . To increase geographical spread across Europe, we asked the well-established Italian Registry from Lombardy (Registro Lombardo Dialisi e Trapianto) to participate, which they did (1994) (1995) (1996) (1997) . Patients older than 18 years of age at the start of RRT were included.
Co-morbid conditions
Data collection on co-morbidity was performed by a doctor or a high-skilled nurse. Appendix 1 shows the classification of each of the following co-morbid conditions for each participating registry: diabetes mellitus (both as a renal disease and as a co-morbidity in addition to another renal disease), heart failure, ischaemic heart disease, peripheral vascular disease, cerebrovascular disease, malignancy, liver disease and lung disease. Some registries gave definitions or more detailed descriptions of diagnostic criteria for each co-morbidity. In all cases, the co-morbid conditions were indicated as being present or absent in the medical history at the start of RRT. Sometimes they were further specified by providing subcategories of the disease involved. In all registries, it was possible to distinguish between 'no co-morbidity' or 'missing data on co-morbidity', with the exception of Norway. In this latter country, all patients without co-morbidity data were considered to have no co-morbidity. The few patients in Catalonia (Spain) (n ¼ 12) and Lombardy (Italy) (n ¼ 189) without any co-morbidity data were excluded from the study.
We compared the classification of the co-morbid conditions, to see whether international comparison of co-morbid conditions was hampered by differences in definitions. The classification of liver and lung disease differed substantially with respect to the included categories. Moreover, data on heart failure were not registered in the UK (England/Wales) and Austria did not collect data on lung diseases in the study period. Further analyses were therefore only performed for co-morbid conditions, which were comparable between the European countries, including diabetes mellitus, ischaemic heart disease, peripheral vascular disease, cerebrovascular disease and malignancy.
Data analyses
The prevalence of each co-morbid condition was studied in relation to country, age group, gender, diabetic status, and treatment modality. As patients may have diabetes mellitus on top of another renal disease, diabetes mellitus included both diabetes as renal disease and as a co-morbidity, unless noted explicitly. The prevalence of co-morbid conditions was analysed for treatment modality at day 91 after the start of RRT, as some patients receive haemodialysis for a short period, while preparations are made for peritoneal dialysis. Adjustments were performed for age and gender where appropriate, using the distribution of age and gender of all patients of the co-morbidity study. Differences between countries and gender were analysed using ANOVA for continuous variables, and Chi-square test for categorical variables. It should be noted, however, that the vast majority of the differences were statistically significant as a result of the large sample size, and therefore, P-values were not presented.
Multivariate Cox proportional hazards regression, with adjustment for age, gender, country and year of start of RRT was used to examine the association between the presence of co-morbid conditions and the time to a first kidney transplant within 4 years after the start of RRT. In addition, we compared the chance of receiving such a transplant between countries. Because of the relatively small number of patients with co-morbid conditions who received kidney transplants, the association between specific co-morbid conditions and time for the first transplant could only be determined for all countries together. Follow-up time was censored at death, recovery of renal function, and loss of follow-up. In addition, it was censored when patients were still alive and on dialysis after 4 years or, when this was earlier, at the end of the observation period. To examine the association between the presence of co-morbidity and the time to the first living or cadaver donor transplantation separately, follow-up time was additionally censored for a cadaver or living donor transplantation, respectively. Although receiving a transplantation is a positive event, results of Cox regression analyses are, as usual, presented as relative 'risks'. All analyses were performed using SAS 8.0. Table 1 presents the baseline characteristics of the patients by country. For all countries together, 17907 patients were eligible for the analyses. The mean age was 62 years, 39% were female and 20% had diabetes as renal disease. The mean age varied between 60 years in the UK (England/Wales) and 64 years in Catalonia (Spain). Furthermore, in Austria the percentage of diabetes mellitus as renal disease was twice as high as in the other countries.
Results
Population
Prevalence of co-morbid conditions
By age group and gender. Figure 1 illustrates that the prevalence of diabetes mellitus was higher in males in the age group 45-64 years, whereas in the other age groups the percentage was higher in females. This gender difference was due to the prevalence of diabetes as renal disease and not due to the prevalence of diabetes as co-morbidity. The prevalence of ischaemic heart disease was higher in males than in females across all age categories. Also, the prevalence of peripheral vascular disease, cerebrovascular disease and malignancy was higher in males than in females in the higher age categories (above the age of 45 years for the first two co-morbidities and above 65 years for the latter one). Furthermore, as expected, the prevalence of co-morbidity increased with age. The distribution of co-morbidity over age groups and gender was similar across countries.
By country and diabetic status. Table 2 shows the prevalence of co-morbidity by country and diabetic status. As expected, diabetics had a higher prevalence of ischaemic heart disease, peripheral vascular disease, and cerebrovascular disease than non-diabetics. With the exception of malignancy, the prevalence of all co-morbid conditions was highest in Austria, both in diabetics and non-diabetics. In both groups, Norway ranked second and the UK (England/Wales) ranked third in the prevalence of ischaemic heart disease. In Catalonia (Spain) the prevalence of peripheral vascular disease was remarkably high in diabetics. Otherwise, the differences in co-morbidity between countries were relatively small. Prevalence of co-morbid conditions in RRT patients, by gender and age group. DM, diabetes mellitus (primary renal disease or co-morbidity); IHD, ischaemic heart disease; PVD, peripheral vascular disease; CVD, cerebrovascular disease; MAL, malignancy.
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The prevalence of co-morbid conditions was also examined separately for diabetes as renal disease and diabetes as co-morbidity. The prevalence of peripheral vascular disease was higher (with exception of Norway) in patients with diabetes as renal disease compared to patients with diabetes as a co-morbidity, whereas prevalence of malignancy was lower.
By treatment modality and country. Table 3 shows that there were important international differences in treatment modality at day 91. In both patients with and without co-morbid conditions, the percentage of patients living on a functioning graft was much higher in Norway and the percentage of patients starting on peritoneal dialysis was much higher in Lombardy (Italy) and the UK (England/Wales) than in other countries. In general, patients with a co-morbidity were more often treated with haemodialysis and less often with peritoneal dialysis or living on a functioning graft compared to patients without co-morbid conditions, but the type of co-morbidity did not affect treatment modality choice.
Overall, 57.2% of the haemodialysis patients, 50.4% of those on peritoneal dialysis and 28.4% of the patients living on a functioning graft had at least one co-morbidity at the start of RRT. In Lombardy (Italy) there was more similarity between patients selected for the two dialysis modalities: 50.5% of the haemodialysis patients and 50.6% of those on peritoneal dialysis had at least one co-morbid condition.
Access to transplantation
Overall, 6.3% of the patients with a co-morbidity and 24.3% of the patients without a co-morbidity received a transplant within 4 years. Using a Cox regression model with adjustment for age, gender, country and year of start of RRT, the relative risk (95%CI) to receive a renal allograft within 4 years after the start of RRT was 0.50 (0.45-0.55) for patients with at least one co-morbid condition compared to patients without co-existing diseases.
The presence of each of the co-morbid conditions made receiving a transplant within 4 years after the Table 5 illustrates that patients in Lombardy (Italy) were least likely to receive a first transplant within 4 years, whereas patients living in Norway were by far most likely to receive an allograft, both in patients with and without co-morbidity. Compared to Austria, the adjusted relative risk (95%CI) of receiving a cadaver donor transplant was higher in Catalonia These results were the same when the analysis was repeated for dialysis modality at day 91 after the start of RRT. Similar results were found when we repeated the analysis for the end points transplantation within 2 years and transplantation within 3 years.
An explanation for the international differences in relative risks of receiving a transplant may relate to the availability of kidney donors on the one hand and the number of dialysis patients on the other. Therefore, we presented these data by country in Table 6 . The number of transplants was highest in Catalonia (Spain), whereas this region ranked second with respect to the prevalence of dialysis patients.
Discussion
The current study on the comparison of the prevalence of co-morbidity within Europe extends the Euro-DOPPS study by including all patients starting RRT and by including some other countries. Furthermore, this is the first European study that examined how co-morbidity affects access to renal transplantation.
The overall prevalence of co-morbid conditions in our study is similar to that reported by the Euro-DOPPS study which showed a prevalence of 22.4% for y Univariate and multivariate Cox proportional hazard regression was performed. Patients with a co-morbidity were compared to patients without that specific co-morbidity. diabetes mellitus, 26.3% for ischaemic heart disease, and 19.9% for peripheral vascular disease in incident haemodialysis patients [9] , and a prevalence of 13.7% for cerebrovascular disease and 9.0% for malignancy in prevalent haemodialysis patients [4] . In addition, our study showed that males starting RRT suffered more often from ischaemic heart disease, peripheral vascular disease, cerebrovascular disease and malignancy than females, especially in the higher age groups. With the exception of malignancy, these gender differences are also found in the general population [13] . Although the prevalence of diabetes was lower in elderly males than in elderly females starting RRT, it should be noted that the absolute number of RRT patients with diabetes as ESRD is higher in males [14] , simply because there are more men starting RRT. Furthermore, the higher prevalence of peripheral vascular disease in patients with diabetes as the cause of renal failure compared to patients with diabetes as co-morbidity, might be due to the longer duration of diabetes in the first group. The prevalence of ischaemic heart disease, peripheral vascular disease and cerebrovascular disease was much higher in Austria compared to the other countries, which may, to a large extent, be explained by the high prevalence of diabetes in Austria. We cannot, however, rule out that the diagnosis of a specific co-morbid condition varied in the different countries, as a detailed description of diagnostic criteria for each co-morbidity was often lacking. The Euro-DOPPS study showed a much higher prevalence of different co-morbid conditions in German haemodialysis compared to France, Italy, Spain, and the UK: diabetes (39.1%), coronary artery disease (41.8%), and peripheral vascular disease (26.1%) [9] . This suggests a large similarity between the RRT populations of Austria and Germany. Additionally, both in the current study and the Euro-DOPPS study, the prevalence of co-morbidity was relatively low in Italy. The prevalence of co-morbidity in Norway might be underestimated, as in this country patients without any co-morbidity data were considered to have no co-morbidity. As a consequence, the relative risk of receiving a renal transplant for a Norwegian patient, the highest across all countries, might even be underestimated.
We confirmed other studies which showed that, in most countries, sicker patients are selected for haemodialysis [15, 16] . In Lombardy (Italy) however, this seems not to be the case. Such differences in modality selection, whether it concerns transplantation or peritoneal dialysis, may affect outcome comparisons in studies restricted to one treatment modality such as the DOPPS study, even when adjusted for co-morbidity.
In this European study, co-morbidity affects access to renal transplantation to a similar extent as in the United States, where McCauley et al. [8] reported a 63% (95%CI: 35-79%) reduced access. In agreement with our study, Gaylin et al. [7] found a lower chance of receiving a transplant for patients with diabetes as cause of renal failure (RR ¼ 0.72; P ¼ 0.01), coronary heart disease (RR ¼ 0.70; P ¼ 0.03) and peripheral vascular disease (RR ¼ 0.68; P ¼ 0.04) in the United States compared to patients without these specific co-morbid conditions. Their data also suggested that the presence of cerebrovascular accident and the presence of malignancy reduced access to transplantation, but these associations did not reach statistical significance, which may be due to the much smaller sample size of that study. In the current study, the access to renal transplantation was least affected by the presence of diabetes. Wolfe et al. [17] have shown that the reduced access of diabetes patients is mainly due to a lower chance of being wait-listed and not as much to a reduced chance after wait-listing. In contrast, Oniscu et al. [18] found that diabetes both reduced access to the waiting list and the chance to receive an allograft while on the waiting list. Unfortunately, our data did not include the study of waiting list referral per se.
Large differences in the chance of receiving a transplant were found between the European countries. Patients in Lombardy (Italy) were least likely to receive a transplant within 4 years, whereas patients living in Norway were by far the most likely to receive an allograft, both in patients with and without co-morbidity. This means that the chance of receiving a renal transplant was much more influenced by the country of origin than by the presence or absence of co-morbidity. The international differences in access to transplantation can to a large extent be explained by the difference in availability of donors in each country in relation to the number of patients who need a transplantation. Although the highest number of living kidney donors in Norway does not result in the highest transplant rate, the access to transplantation is very high because of the relatively low number of Norwegian dialysis patients. In Norway, living donation has been actively pursued and living kidney transplantation is traditionally the transplantation of first choice. The high number of cadaver donors in Spain is due to a proactive donor detection programme performed by well-trained transplant coordinators, the introduction of systematic death audits in hospitals and the adequate economic reimbursement for the hospitals. The implementation of such strategies may increase the number of donors in other countries as well. The number of donor kidneys in Catalonia (Spain) is even higher compared to Spain as a whole. Despite the fact that Catalonia (Spain) has the highest availability of (cadaver) donor kidneys in Europe, the access to transplantation is relatively low because of the high number of patients taken onto dialysis. Such geographical variation in the number of patients on dialysis may relate to several factors like differences in age distribution, prevalence of diabetes, mortality (e.g. from cardiovascular disease prior to reaching ESRD), and socio-economic factors affecting access to dialysis [19, 20] .
In conclusion, among the countries studied, the prevalence of co-morbidity was highest in Austria but differences were small among other countries. This study confirms that co-morbidity affects access to renal transplantation. In addition, it shows that the access to a renal transplant was least affected by the presence of diabetes and most affected by the presence of a malignancy. International differences in access to transplantation were primarily due to differences in the availability of donor kidneys in relation to the number of dialysis patients, and could hardly be explained by co-morbid variability.
